This paper examines the relationship between labor productivity and alcohol consumption based on research conducted with a limited sample of workers who drink alcohol. Estimation results show that in the case of males, the amount of alcohol consumed significantly raises labor productivity, with an elasticity of approximately 0.13. In females, we cannot reach the firm conclusion. Conversely, the reverse relationship between labor productivity and alcohol consumption cannot be confirmed. Moreover, an awareness of appropriate alcohol consumption supports the sixth strategy of the Health Japan 21 policy, which is to reduce national alcohol consumption by about 20%.
Introduction
The study of alcohol consumption is a contentious issue in the research field of addictive behaviors other than smoking. The main problem is in the relationship between labor supply and drinking behavior. There are currently a large number of investigations into this problematic relationship in the United States.
Unfortunately, the results are mixed. That is, problem drinking does not seem to influence employment (Benham and Benham(1982) , Kenkel and Ribar(1994) , Feng, Zhou, Butler, Booth and French (2001)). Regarding the effect of problem drinking on income, Berger and Leigh(1988) , Bryant, Samaranayake and Whilhite(1993), French and Zarkin(1995) , and Zarkin, French and Mroz et al.(1998) found that drinkers earned more than non-drinkers. Conversely, Kenkel and Ribar(1994), French and Zarkin(1995) , and Mullahy and Sindelar(1993) found that heavy drinkers' wages or income were lower than those of light drinkers.
Moreover, from the macroeconomic perspective, Ruhm(1995) and Freeman(1999) confirmed that alcohol consumption moves pro-cyclically; i.e., it increases during an economic boom. On the other hand, Thomas(2001) concluded that the stress from anxiety over being unemployed in a period of recession raises the levels of alcohol consumption. The different conclusions of these two research projects are probably attributable to the type of data used. That is, the former used macro data and the latter used micro data.
The relationship between labor productivity and drinking is emphasized in the Health Japan 21 health promotion policy in Japan (The Committee for Health Japan 21(2000)). It is similar to Healthy People 2010 in the United States. This policy declares the following targets in a bid to reduce problem drinking:
• the elimination of drinking among minors, and
• the spread of public health knowledge about moderate and appropriate drinking.
This paper evaluates the Health Japan 21 policy from the viewpoint of health economics. Firstly, it checks the reliability of the relationship between labor productivity and drinking. As mentioned above, it has been investigated in many countries, but is yet to be studied in Japan. For our research, we focus on a sample of workers who drink alcohol.
It is a truism to say that labor productivity and drinking are simultaneously determined. That is, alcohol consumption may decrease (or rise) labor productivity ceteris paribus, but labor productivity, which is measured by wage or labor income, raises alcohol consumption if it is a normal good. Hence, we have to estimate these relationships by using the simultaneous equation system. Secondly, this paper checks the effectiveness of the third point emphasized in the policy targets. In other words, we investigate how the diffusion of such knowledge reduces alcohol consumption. It is well known that knowledge of the harm of smoking does not affect the behavior of smokers in Japan (Sato and Ohkusa (2002)). Hence, it may also be the case that knowledge of moderate and appropriate drinking will not affect drinking behavior. Incidentally, Health Japan 21 also declares its intention to spread the knowledge of harm from smoking as a policy target.
Data
The data were obtained from a survey conducted in May 2001 in Japan. Of the total 1300 questionnaires distributed, 1024 were completed and returned.
Concerning alochol consumtion , the questionnaires ask how much they drink alochol in average by unit of pure alcohol. Other important information collecting in this survey are as follows.
Knowledge of the harm of alcohol depends on the answer to the following question:
"How many drinks a day do you think is harmful for your health generally with respect to sake? One drink of sake (180ml) is equivalent to a medium bottle of beer (500ml), double shots of whiskey or brandy (60ml), one drink (180ml) of shochu of 35%, or one glass of wine (120ml)."
The level cited as harmful for health in Health Japan 21 is one drink of sake, which is equivalent to 20g pure alcohol (Tsugane, Fahey, Sasaki, et al.(1999) , Holman, English, Milne, et al.(1996) ).
Two levels of knowledge about the effects of alcohol on health are defined here. The first definition is rigorous; that is, only those who answer exactly one drink of sake have the required knowledge. The second definition is somewhat broad; that is, those who answer less than or equal to one drink of sake have the required knowledge. Hereafter, we call the former definition rigorous and the latter definition broad. The rigorous definition means that those who excessively evaluate the harm of alcohol do not have the required knowledge, although the broad definition includes them together with well-informed persons.
The death cause or morbidity of their parents are dichotomous variables and are defined to be one if they either died from or have liver cancer, hepatitis or cirrhosis, and zero otherwise. Genetic characteristics which are not controlled by individuals may be captured and thus make ideal instruments.
Following Barsky, Juster, Kimball and Shapiro (1997), we construct the variables for time discount factor and risk aversion as follows. The question for time discount factor is: "What amount of money will you gain in ten years that is equivalent to the one million yen you currently get? And the question for risk aversion is: "What amount of money will you gain with 50% probability and with 50% probability you will not gain that is equivalent to the one million that you get now with certainty?" Let the response for the latter question be x and assume utility function be in the exponential form. In this case, the relationship 100 α = 0.5x α holds, and this indicates α = log 2/(log x − log 100). Thus risk aversion is defined by −u"(c)c/u 0 (c) = 1 − α. Time discount factor is calculated by 100 α = β 10 y α and thus β = (100/y) α/10 where y is the response for the former question.
Estimation Model
Let A i be the level of alcohol consumption and I i be the labor productivity which is measured by labor income for the ith individual. X i denotes independent variables which explain both the alcohol consumption and labor productivity, and Y i denotes instrument variables for alcohol consumption and that do not explain the labor productivity. Conversely, Z i denotes instrument variables for labor productivity and that do not affect alcohol consumption. Thus, we estimate
by using a three stage least square method (hereafter, we refer to it as 3SLS).
In particular, we use the quadratic function of age, income other than labor income, educational attainment, time discount factor, risk aversion rate, and self-assessed health. The quadratic function of age and self-assessed health is often used as an indicator for health condition and implies general human capital and health capital, respectively, in labor productivity. Income other than labor income determines marginal utility of income; i.e., the higher the other income, the lower the marginal utility of income. This other income captures the pure income effect excluding price effect. Educational attainment implies general human capital in labor productivity and level of knowledge about alcohol consumption.
According to the serial health capital research literature (Grossman (2001)), it does imply efficiency in health investment and thus a highly educated person would be expected to be more healthy ceteris paribus.
The instrument variables for alcohol consumption are knowledge about the harm of alcohol, cause of death or morbidity in their parents, and the duration of drinking.
According to the Rational Addiction Model (Becker and Murphy (1988)), when the duration of drinking is longer, implying a high accumulation of drinking over time, the marginal utility of drinking rises and the individual needs more alcohol to make price equal the marginal utility of drinking. Hence, the duration of drinking increases alcohol consumption. However, the duration of drinking or drinking behavior may have affected labor productivity in the past, and may affect current labor productivity. In that case, the duration of drinking affects not only current alcohol consumption, but also current labor productivity. In this sense, it is not an ideal instrument. In the following analysis, we perform both cases where the duration of drinking is used and not used as an instrument for assessing alcohol consumption.
Next, the instrument variables for labor productivity are the quadratic function of tenure, the interaction of age and tenure, and employee size. These are very popular variables in the Mincer type wage function applied to the Japanese labor market.
Summary statistics are shown in Table 1 . As shown below, the unit of alcohol consumption is one drink of sake, which is equivalent to 20g pure alcohol. It indicates that only 5-6% of respondents have knowledge of the rigorous definition, but 18% have knowledge of the broad definition.
Estimation Result
The estimation results for drinking and labor productivity in the rigorous definition are summarized in Tables 2 and 3 . Those of the broad definition are shown in Tables 4 and 5 .
Before evaluating the estimators, we must perform the Hausman test under the null hypothesis that Ordinary Least Square (OLS) is equivalent to Instrumental Variable Methods (IV). If this test result is not rejected, alcohol consumption/labor productivity is exogenous and thus we do not need to use IV and OLS is appropriate because it is more efficient than IV. Conversely, if the result is rejected, alcohol consumption/labor productivity is endogenous and thus we have to use IV because OLS is inconsistent. Almost all the test statistics, except for labor productivity in females under the broad definition, are very low and are not rejected. Moreover, F statistics in the first step, where the instrument variable regresses on endogenous variables, are lower than 10 except for male labor productivity. While we relax the criterion to be more than 8, the estimation for alcohol consumption overcome these condition. In this case, labor productivity of female does not sufficient strong instruments (Bound, Jaeger and Baker(1995), Staiger and Stock(1997) ). Therefore, these test statistics mean we should refer the estimation result in OLS for alcohol consumption in both gender and labor productivity in male, and we do not consider about labor productivity in female due to lack of appropriate instruments.
Let us evaluate the relationship of most concern, which is between alcohol consumption and labor productivity. The estimated estimator shows that labor productivity does not significantly affect alcohol consumption, but the reverse relationship is significantly positive except for males under the rigorous definition.
Moreover, the estimated elasticity is less than 1 for males, but it is more than 1 for females. However, we have to remember that the female case is characterized by high endogeneity in labor productivity and weak instruments.
In alcohol consumption estimation other than labor productivity, it is an increasing concave function of age, with peaks at 50 years of age for males and 42 years of age for females. Only female medical school graduates practice risk aversion and decrease alcohol consumption. Healthy persons, whose self-assessed health condition is excellent, tend to drink more compared with those who report a fair or bad health condition.
The duration of drinking gradually increases the amount of drinking as the theory predicts. An additional 10 years of drinking experience raises the amount drunk by 22% in males and 12% in females. The cause of death or morbidity in parents is not significant. Conversely, the knowledge in the broad definition significantly reduces drinking. This result supports the strategy of Health Japan 21. Note that this does not imply causality in the rigorous sense. In other words, it is not clear in this estimation whether knowledge exactly reduced drinking or heavy drinkers justify their consumption levels as appropriate.
For estimation of labor productivity for effects other than alcohol consumption, tenure in males and age in females are significant. The reason for insignificance of age in males seems to be long-term employment in Japan and there is thus a high covariance of age and tenure. For males, other labor income is low when other income is high. This pattern appears to reflect part-time work of dependents of more than 20 years age. Low earnings for self-employed and part-time work is a matter of course. Health conditions do not affect labor productivity.
In order to check the robustness of the results obtained, we estimate another specification omitting duration of drinking as instrument variables 2) . The esti-mation results are summarized in Tables 6 and 7 . Though omitting duration of drinking does not affect alcohol consumption, it affects the labor productivity result. Specifically, the estimated elasticity is more than 1 for males, but the Hausman test indicates that OLS is appropriate. For females, alcohol consumption does not significantly affect this specification.
Concluding Remarks
For males, OLS results with the Hausman test show the amount of drinking rises labor productivity significantly and its elasticity is about 0.13. Conversely, female case is suffered from weak instruments and thus we cannot reach the form conclusion. The potential reason for this may be the small sample size, which is half that of males, and/or more heterogeneous than male. Thus, we cannot make conclusions about the female case and suggest further research.
Moreover, the knowledge of the harmful effects of alcohol reduces drinking by 20% in males and supports the Health Japan 21 strategy. On the other hand, labor productivity or income does not affect alcohol consumption.
Since this is the first investigation of drinking and labor productivity in Japan, the results obtained allow us to make only tentative conclusions. We need to check the robustness of our research by using other data, methods and instruments. 2) The estimation under another specification is performed in the broadly defined knowledge because it provides more interesting results in the above estimation. There is no substantial difference between the two definitions of knowledge. 
